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ABSTRACT 
Low Temperature Gennination 
of Tomato Seeds 
by 
Dawn M. Gatherum, Master of Science 
Utah State University, 1973 
Major Professor: Dr. Orson S. Cannon 
Department: Botany 
The purpose of this study was to determine the pattern of 
inheritance of low temperature germination of tomato. This was 
accomplished by crossing a tomato (P.I. 341988) that germinates 
at a low temperature (10 C) with a commercial mechanical harvest 
cultivar (VF 145-B-7879). The parents, F1, F2, and F3 progenies 
were tested for low temperature germination responses at 10 C for 
15 days. The results show that a single recessive gene is respon-
sible for the low temperature germination character. 
Also, a study of the seed coat thickness of the tomatoes VF 
145-B-7879 and P.I. 341988 was undertakne to determine the possible 
link of seed coat thickness to low temperature germination. A 
definite difference in seed coat thickness was noted, but more 
study will need to be done to determine the exact role the seed 
coat plays in low temperature germination. 
The gene symbol 11ltg 11 will be used to indicate low temperature 
germination. 
( 24 pages) 
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INTRODUCTION 
In Utah it is difficult to get a stand of tomato plants early 
enough with direct seeding to mature the crop before frost in the 
fall. Plants would get an earlier start and fruits would ripen 
earlier if tomato seeds would germinate in the soil at the lower 
temperatures found in Utah during the early growing season. 
A variety of tomato that could germinate at the lower tem-
peratures and produce a desirable fruit is needed in Utah. With 
the goal of producing a tomato variety that would have the 
above mentioned characteristics for direct seeding, work was begun 
to determine the inheritance pattern of a tomato that would germinate 
at the lower temperatures. A microtechnical study of the seed 
coat was undertaken to compare a low temperature germinating 
tomato to a commercial tomato that does not germinate at low 
temperatures to determine if the structure or size might have a 
bearing on low temperature germination. 
REVIEW OF LITERATURE 
Low temperature gennination of tomato seeds has been of 
interest to many tomato breeders. Smith and Millett (7) used 
237 tomato lines for germination tests at 5, 10, 15, and 20 C. 
The lines of tomatoes showed different germination responses at 
the temperatures used, except at 5 C where no germination took 
place. They later planted seeds of each of 10 selected lines 
representing the maximum germination ranges of the 237 lines in 
field plots. Tomatoes of equal maturity were selected from one 
plant of each of the selected lines. The seeds were removed 
manually and acid extracted. Germination of the seeds at 20 C 
showed no significant differences among the 10 selected lines and 
at 15 Conly a slight difference occurred. At 10 C varietal dif-
ferences in gennination were noted. 
Kemp (3) tested 874 tomato lines for their ability to 
germinate at a temperature of 8.5 _:!=. l C for a period of two 
weeks. Kemp used seeds not over one year old that were extracted 
from fully ripe tomatoes and tested for viability at 20 C. 
The germination percentage was based on the length of growth 
which was in excess of 1.5 cm. Those tomato lines that germinated 
50% of the time and a number of others that failed to germinate 
at all were re-evaluated several times. 
2 
Results from Kemp's work indicate that there is a difference 
in germination ability of different varieties of tomatoes at 8.5 C, 
and that the ability of some tomato varieties to germinate at low 
temperatures may be inherited. 
Dolan, et al. (2) stated that the tomato selection P.I. 341988, 
which is a selection of the University of Rhode Island, was a cold 
germination tomato. 
In an attempt to explain why tomatoes differ in their ability 
to germinate at low temperatures, it was decided to examine the seed 
coats for a possible clue. Different investigators (4,5) have shown 
in beans that a condition of hardseededness occurs, that the hard-
seededness is inherited and that it has a direct effect on germina-
tion. The seed coat of the hardseeded beans governs the degree of 
permeability to moisture and affects germination. 
Results from previous work indicate that low temperature 
germination of tomato seeds is probably a heritable character, 
and that a michrotechnical study of the seed coat may possibly 
give a clue as to the responsible mechanism. 
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MATERIALS AND METHODS 
Seeds of the low temperature germinating tomato P.l. 341988 
were supplied by Dr. Desmond Dolan, Coordinator, Regional Project 
N.E. 9, New York Experiment Station, Geneva, New York. This 
selection was crossed with the tomato cultivar VF 145-B-7879. Seed 
for the F2 generation was obtained by growing Fi plants in the 
field. Hand pollination was not used in producing the F2 seed, but 
the Fi plants were planted as a group about 10 feet from other 
tomatoes and allowed to self. For an analysis of the F3, seeds 
were obtained from individual F2 plants, seed from each of the plants 
was germinated and each seed was classified as either a low-temper-
ature germinator or as a non-low temperature germinator as a result 
of germination tests (Figures l, 2). All seeds used in the tests 
were extracted from ripe tomatoes by crushing the fruit, allowing 
it to ferment for 4 days, stirring twice daily, separating the 
seeds from the juice and pulp by washing, and then allowing them 
to dry. 
Seeds were plated on l 1/2% water agar in each test and placed 
in an incubation chamber set at 10 C for 15 days, after which ger-
mination responses were recorded. 
In all germination tests, the parent seeds were used as 
controls. To be classified as low temperature germinators, the 
seeds had to have a germination level equal to the parent P.I. 
341988. 
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Figure l. Germination of the parents, F1, and F2 seeds as they 
appear after 15 days at 10 C. 
5 
Figure 2. Germination of the parents, F3 low temperature 
germinating and F3 non-low temperature germinating 
seeds, as they appear after 15 days at 10 C. 
6 
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The thickness of the seed coat of the parent plants P.I. 341988 
and VF 145-B-7879 was measured and compared. The seeds were prepared 
for microtome sectioning by cutting them in half, killing and fixing 
them in F.A.E. for two days, and then passing them throught a tertiary 
butyl alcohol dehydration series (6), one day in each of the series 
in preparation for paraffin infiltration. The seeds were then in-
filtrated with paraffin in preparation for sectioning. Both microtome 
and hand sectioned mounts of the seeds were made to measure seed 
coat thickness. Similar results were obtained with the two methods 
of sectioning. Six micrometer measurements were taken at random 
around the perimeter of each seed coat at 80 X. 
RESULTS 
The F1 and F2 generations 
Of the 150 different samples of the parent P.I. 341988, 
germination in every case was 100%, while the same number of samples 
of the other parent (VF 145-B-7879) and 50 samples of the F1 
generation showed no germination at 10 C and 15 days. Approxi-
mately one-fourth of the 1,100 samples in the F2 generation 
germinated·during that time period and temperature (Table l). 
The results indicate that the low temperature germinating 
parent (P.I. 341988) has the inherent ability to germinate at 
the low temperature and is able to pass this characteristic on 
to its progeny. The F2's germination (Table l) at al to 3 ratio 
is indicative that a single recessive gene is involved in the 
inheritance of the low temperature germination character. Further 
substantiation of the F2 germination tests is shown by the 
goodness of fit to the expected 1:3 germination ratio with a 
chi-square test (Table 2). 
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Table i. Germination of parental types, Fi and F2 progenies of 
the tomato cross VF 145-B-7879 X P.I. 3ijl988 after 15 








Pa rental types 
















*Suggested gene symbol for low temperature germination, cleared 
for use by C.D. Clayberg (1). 
Table 2. Chi-square test for goodness of fit of F2 germination 
data to a 3:1 ratio. 
Phenotype Observed Expected 0-E (O-E)2 
E 
ltg 274 275 -1 .0036 
non-ltg 826 825 +l .fl012 
Total 1100 1100 0 .0048 
Degrees. of freedom= l x2 = .0048 (P = .9525) 
The F3 generation 
The F3 generation study utilizing single F3 seeds collected 
from F2 plants that were grown in the field at Farmington, Utah. 
A total number of 2020 F3 seeds were tested and 651 of these were 
classified as germinators at 10 C and 15 days, while 1269 failed 
to germinate under these conditions (Table 3). The number of F3 
seeds expected to possess the ability to germinate at the low 
temperature would be three-eighths of the total number, or in 
this case 757.5 of the 2020. The observed F3 germination ratio 
was in line with these expectations as shown by the chi-square 
analysis (Table 4) and is more evidence that the ability to 
germinate a low temperature (10 C) is controlled by a single 
recessive gene. 
Table 3. Gennination of seed from parent plants and from F2 plants 





germi na tors 
lO 
Material tested Observed Expected Observed* Expected* 
Pa rent types 
VF 145-B-7879 














* based on the assumption that for a character conditioned by a single 
recessive gene the F2 population should produce an F3 with 62.5% of 
the offspring expressing the dominant phenotype and 37.5% the 
recessive phenotype. 
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x2 = .0893 (P = .836) 






Study of seed coat thickness of the two parents (P.I. 341988 
and Vf 145-B7879) shows a definite difference in this characteristic. 
The average thickness of the seed coats of 50 seeds of P.I. 341988 
was 10.61 microns with a range of 8.80 to 13.20 microns, compared 
to the average thickness of 17.15 microns, and a range of 13.20 to 
21.45 microns for the other tomato Vf 145-B-7879 (Table 5, Figures 
4. 5). 
Using the means for comparison, it is readily seen that there 
is significant differences between the thickness of the seed coat of 
the two varieties. 
Table 5. Average measurements of the six micrometer measurements 
of sectioned seed coats of the parents P.I. 341988 and 
VF 145-B-7879 in microns. 
Measurements 




































l l. 28 
l l. 55 
9.90 











































Table 5. Continued 
Measurements 
P. I. 341988 









11 . 55 
11.28 
Av. 10.61 














Av. 17. 15 
Range 13.20 to 21.45 
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Figure 3. Limits indicated of measurement of thickness of 
seed coat of parent P.I. 341988 X 320. 
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Figure 3. Limits indicated of measurement of thickness of 
seed coat of parent P.I. 341988 X 320. 
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CONCLUSIONS 
The results of experimentation on the inheritance of low 
temperature germination of tomato show that the parent P. I. 341988 
possesses the character to germinate at a low temperature (10 C) 
and that this character is controlled by a single recessive gene. 
There is definitely a difference in the thickness of the 
coats of the two parents P.I. 341988 and VF 145-B-7879, only 
further study can tell the exact role the seed coat thickness 
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